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We report the doping-induced antiferromagnetic state and Fermi liquid state that are connected
by a superconducting region in a series of CeIrIn5−xHgx, CeIrIn5−xSnx and CeIr1−xPtxIn5 single
crystals. Measurements of the specific heat C(T ) and electrical resistivity ρ(T ) demonstrate that hole
doping via Hg/In substitution gives rise to an antiferromagnetic ground state, but substitutions of In
by Sn or Ir by Pt (electron doping) favor a paramagnetic Fermi liquid state. A cone-like non-Fermi
liquid region is observed near CeIrIn5, showing a diverging effective mass on the slightly Hg-doped
side. The obtained temperature-doping phase diagram suggests that CeIrIn5 is in proximity to an
antiferromagnetic quantum critical point, and heavy fermion superconductivity in this compound is
mediated by magnetic quantum fluctuations rather than by valence fluctuations.
PACS number(s) 74.70.Tx, 74.62.-c, 74.40.Kb,
The heavy fermion (HF) series CeTIn5 (T = Co, Rh,
Ir) has provided prototype examples to study competing
phases and their emergent behaviors arising from elec-
tron correlations [1]. CeCoIn5 is a HF superconductor
with the highest superconducting transition temperature
(Tsc = 2.3 K) among the Ce-based HF compounds [2].
A slight substitution of In with Cd or Hg tunes the sys-
tem to a long range antiferromagnetic (AFM) state [3, 4].
Furthermore, application of pressure to the antiferromag-
nets CeRhIn5 and CeCo(In,Cd)5 eventually suppresses
the AFM order and induces superconductivity (SC) near
an AFM quantum critical point (QCP) (Scenario I in Fig.
1) [4–7]. The resulting superconducting phase diagram is
nearly identical to that of CeCoIn5 after a suitable pres-
sure shift [8]. Thus, it has been widely accepted that
CeCoIn5 sits on the threshold of a magnetic instability
at ambient pressure [4–6, 8–10].
CeIrIn5, a sister compound of CeCoIn5, shows simi-
lar HF SC without any coexisting magnetic order [12].
In spite of substantial efforts to understand the exotic
properties in CeIrIn5, the origin of its SC still remains
controversial. Resembling that of CeCu2(Si,Ge)2 [13],
a scenario of two superconducting domes was proposed
for CeIrIn5 under combined chemical and physical pres-
sures (Scenario II in Fig. 1) [14–16]. CeIrIn5 was ar-
gued to exist far from an AFM QCP and be located
at a cusp-like minimum of Tsc which bridges the two
superconducting domes [16]. Accordingly, superconduc-
tivity of CeIrIn5 was proposed to be mediated by va-
lence fluctuations rather than by spin fluctuations [16–
18], which are more commonly taken to mediate pairing
in HF superconductors (Scenario I in Fig. 1) [13, 19].
However, no solid evidence of a valence instability has
been revealed in CeIrIn5, even though nuclear quadrupo-
lar resonance (NQR) experiments detected some differ-
ences between the two superconducting domes [17, 18].
On the other hand, analyses of nuclear spin-lattice re-
FIG. 1: (Color online) Schematic diagrams of two different
scenarios for HF superconductors. Here δ represents a tuning
parameter, like pressure or doping. (a) Scenario I: A super-
conducting dome appears upon suppressing the AFM tran-
sition to a QCP [11], which applies to most Ce-based HF
superconductors including CeCoIn5 and CeRhIn5 [4–8]. (b)
Scenario II: Two superconducting domes (SC I and SC II)
develop upon increasing the lattice density [13]. SC I cor-
responds to Scenario I, where SC is formed via critical spin
fluctuations, and SC II shows a novel superconducting state
presumably arising from valence fluctuations [19].
laxation experiments indicated that the quantum criti-
cal behavior of CeIrIn5 is more consistent with a spin-
density-wave (SDW) scenario [20]. Moreover, measure-
ments of thermal conductivity and penetration depth
support a dx2−y2 -type gap symmetry in CeIrIn5, the
same as CeCoIn5 [21–23]. In order to examine the above
two scenarios and, therefore, to unravel the nature of SC
in CeIrIn5, it is crucial to establish whether it is adjacent
to a magnetic or a valence instability.
In this Rapid Communication, we tune the ground
state of CeIrIn5 by chemical substitutions on the Ir or In
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FIG. 2: (Color online) Temperature dependence of the
specific heat for CeIrIn5−xHgx (a), CeIrIn5−xSnx (b) and
CeIr1−xPtxIn5 (c). The upper inset plots the specific heat
∆Ce/T after subtracting a logarithmic contribution for xHg
= 0.045 and 0.054. The lower inset plots the specific heat for
xHg = 0.054 and 0.225 at a magnetic field of B = 0, 7 T (xHg
= 0.054) and 9 T (xHg = 0.225), respectively. The magnetic
field is orientated along the c-axis.
sites and characterize their physical properties by specific
heat and electrical resistivity measurements. It is shown
that CeIrIn5 lies near an AFM QCP, where non-Fermi
liquid (NFL) behaviors and diverging effective mass are
observed. Our results suggest that the SC of CeIrIn5 is
mediated by spin fluctuations, constraining a theoretical
model for the origin of SC in CeIrIn5.
Single crystals of CeIrIn5−xHgx (0 ≤ xHg ≤ 0.225),
CeIrIn5−xSnx (0 ≤ xSn ≤ 0.35) and CeIr1−xPtxIn5
(0 ≤ xPt ≤ 0.264) were grown by an indium self-flux
method. Room-temperature powder X-ray diffraction
confirms that all the samples crystallize in the tetrag-
onal HoCoGa5-structure. The actual concentrations of
Hg, Sn and Pt were determined by microprobe analysis
and single-crystal X-ray diffraction, and are 20%, 50%
and 44% of their nominal values, respectively. The ac-
tual concentrations rather than the nominal ones are used
hereafter. Measurements of the electrical resistivity and
specific heat were performed in a Quantum Design Phys-
ical Properties Measurement System (PPMS-9T). Tem-
perature dependence of the electrical resistivity was mea-
sured with a four-point method from 0.4 K to 300 K by a
LR700 resistance bridge combined with the PPMS tem-
perature control system.
Figure 2 shows the temperature dependence of the spe-
cific heat Ce/T on a semi-log scale for CeIrIn5−xHgx,
CeIrIn5−xSnx and CeIr1−xPtxIn5. The electronic con-
tributions to the specific heat Ce are obtained by sub-
tracting a phonon contribution, with the specific heat of
LaIrIn5 as a reference (CLaIrIn5/T = γ + βT
2, γ ≈ 5.8
mJ/mol-K2, β ≈ 1.25 mJ/mol-K4). The specific heat
of pure CeIrIn5 was taken from Ref. [24], which follows
NFL behavior above 1 K, i.e., Ce/T ∼ −logT . At lower
temperatures, Ce/T tends to be a constant, which may
reflect a possible Landau Fermi liquid (FL) state. The
sharp jump at Tsc = 0.4 K marks the bulk SC. Upon
Hg substitution, bulk superconductivity is suppressed to
lower temperatures (below 0.38 K). For xHg = 0.027,
a logarithmic temperature dependence of Ce/T extends
to lower temperatures. With further increasing the Hg-
concentration, a kink appears at 1.3 K and 1.7 K for
xHg = 0.045 and 0.054, respectively. Similar anoma-
lies have been reported previously in CeCo(In,Cd)5 and
CuCu2Si2 [4, 25], which are attributed to an AFM transi-
tion. After subtracting a logarithmic contribution of the
spin fluctuations near a QCP, a pronounced transition is
resolved in the specific heat ∆Ce/T for xHg = 0.045 and
0.054 [see upper inset of Fig. 2(a)]. With this method,
we clearly track the evolution of the Ne´el temperature
TN as a function of Hg-content down to very low doping.
Upon applying a magnetic field, the magnetic transition
is eventually suppressed. As an example, we plot the
specific heat Ce(T )/T of xHg = 0.054 and xHg = 0.225
at two different magnetic fields in the lower inset of Fig.
2(a). For xHg = 0.054, the specific heat Ce/T demon-
strates a logarithmic temperature dependence down to
the lowest temperatures as the magnetic order is sup-
pressed at 7 T. It is worth noting that the plateau below
1 K in pure CeIrIn5 is very robust against external mag-
netic field [26] and is different from the magnetic anoma-
lies shown in xHg = 0.045 and 0.054. The extension of
the NFL behavior and the absence of magnetic order for
xHg = 0.027 indicates that an AFM QCP lies in proxim-
ity to this Hg-content. With further increasing xHg (>
0.054), the specific heat Ce/T shows a pronounced AFM
transition: TN increases with increasing xHg and reaches
TN = 8 K at xHg = 0.225. The magnetic transition is
robust against magnetic field as typically seen in heavy
fermion antiferromagnets, e.g., in CeRhIn5 [27].
In contrast to Hg substitution (hole doping), electron
doping via Sn/In or Pt/Ir substitutions exhibits remark-
3ably different behaviors. In Figs. 2(b) and 2(c), we
plot the specific heat Ce(T )/T for CeIrIn5−xSnx and
CeIr1−xPtxIn5. These two series of compounds behave
nearly identically, being independent of the dopant sites,
similar to Sn and Pt doped CeCoIn5 [3]. A tiny amount
of Sn or Pt dopants suppresses the superconducting tran-
sition below T = 0.38 K in the specific heat. No evidence
of magnetic order is observed in the electron-doped com-
pounds. Instead, the specific heat Ce/T becomes con-
stant at low temperatures, indicating a FL ground state.
The FL temperature TFL, which marks the onset tem-
perature of the constant Ce/T , increases with increasing
the electron dopants. On the other hand, the specific
heat Sommerfeld coefficient γ, obtained by extrapolating
Ce/T to zero temperature, monotonically decreases when
increasing the Sn- or Pt-concentrations.
The above behaviors are further supported by mea-
surements of transport properties. Figure 3 plots the
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FIG. 3: (Color online) Temperature dependence of the
electrical resistivity ρ(T ) for (a) CeIr1−xHgxIn5 and (b)
CeIrIn5−xSnx. The inset enlarges the electrical resistivity
at low temperatures for xHg = 0.054, showing a resistive
anomaly around TN ≃ 1.8 K. The arrows mark the AFM
transition in the top panel and the FL temperature TFL
in the bottom panel, respectively. The dashed lines show
fits to ρ = ρ0 + AT
2, and the dot-dashed lines are fits to
ρ = ρ0 + AT
n. For xHg = 0.099 and 0.225, the electrical
resistivity is fit to temperatures below 50% of TN.
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FIG. 4: (Color online)Doping dependence of (a) the resistive
exponent n, (b) theA-coefficient and (c) the specific heat coef-
ficient γ for CeIrIn5−xHgx, CeIrIn5−xSnx and CeIr1−xPtxIn5
(To the left: Hg-content; to the right: Sn- or Pt-content).
The vertical dashed line marks the critical concentration at
xcHg = 0.027. The error bars are a result of changing fit ranges.
electrical resistivity ρ(T ) of (a) CeIr1−xHgxIn5 and (b)
CeIrIn5−xSnx at several representative doping concentra-
tions. As already seen in the specific heat data, the re-
sistivity of CeIr1−xPtxIn5 (not shown) gives nearly iden-
tical behaviors to that of CeIrIn5−xSnx. Superconduc-
tivity only shows up near stoichiometric CeIrIn5, and is
suppressed by substituting either a tiny amount of Hg
on the In sites or Sn on the In sites. The resistive Tsc
is higher than the corresponding bulk values from the
specific heat, which was argued to result from the forma-
tion of a textured superconducting phase [28]. Further-
more, for those superconducting samples their normal-
state resistivity follows a behavior of ρ = ρ0 + AT
n
(n < 1.3) at low temperatures, as illustrated in Fig. 3
by the dot-dashed lines, exhibiting a NFL behavior. The
AFM transitions can be well tracked in the electrical re-
sistivity ρ(T ) of Hg-doped samples (xHg ≥ 0.045) [see
the arrows in Fig. 3(a)], whose transition temperatures
are highly consistent with those derived from the specific
heat data. For a better illustration of the weak mag-
netic transition in the low-doping region, the resistivity
of xHg = 0.054 at low temperatures is expanded in the
inset, where a resistive kink marked by the arrow can
be observed around TN ≈ 1.8 K. With increasing the
Hg-concentration, the magnetic transition becomes more
pronounced and TN shifts to higher temperatures. On
the other hand, no evidence for a magnetic transition is
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FIG. 5: (Color online) The magnetic and superconducting
phase diagram of CeIrIn5 as a function of Hg-, Sn- and Pt-
doping concentration. Different symbols represent different
phase transitions (Tsc or TN) or characteristic temperatures
(TFL). The different colors of symbols mark different measure-
ments of physical quantities used to determine the transition
temperatures. Here the superconducting transition tempera-
ture T ρsc is obtained by the mid-point of the resistive drop at
Tsc.
found in the CeIrIn5−xSnx samples over the entire Sn-
doping range. For xSn ≥ 0.075, their low-temperature
electrical resistivity can be well fitted by ρ = ρ0 + AT
2
[see the dashed line in Fig. 3(b)], suggesting a FL ground
state as seen in the specific heat data Ce/T . The FL
temperature TFL, above which the resistivity deviates
from the quadratic temperature dependence, increases
with increasing the Sn-concentration. For all the doped
compounds, the residual resistivity ρ0 increases with the
dopant concentration, which seems to be mainly caused
by disorders introduced by elemental substitutions.
To extend the above analyses of electrical resistivity,
we fit the low-temperature resistivity with a power-law
expression ρ = ρ0 + AT
n for all the measured samples.
In Fig. 4, the derived parameters of the resistive expo-
nent n and the A-coefficient, together with the Sommer-
feld coefficient γ from the specific heat, are plotted as a
function of the doping concentration for CeIrIn5−xHgx,
CeIrIn5−xSnx and CeIr1−xPtxIn5. For xHg ≥ 0.063, we
simply take the lowest temperature value in Ce(T )/T
as γ. Slightly on the Hg-doped side as marked by the
dashed line, both the resistive A-coefficient and the spe-
cific heat coefficient γ demonstrate a diverging behavior
around a critical value of xcHg = 0.027. Furthermore,
pronounced NFL behaviors with a linear-temperature de-
pendence (n ≃ 1) of the electrical resistivity as well as a
logarithmic-type temperature dependence in the specific
heat Ce(T )/T (see Fig. 2) are observed near this criti-
cal concentration. Away from xcHg = 0.027, a FL ground
state with n = 2 is quickly recovered. It is noted that
within the magnetically ordered state the extra electron-
magnon scattering increases the resistive exponent n be-
yond the FL prediction, e.g., n = 2.1 for xHg = 0.225.
In Fig. 5, we present a combined temperature-
doping phase diagram for CeIrIn5−xHgx, CeIrIn5−xSnx
and CeIr1−xPtxIn5, constructed from the measurements
of electrical resistivity and specific heat. The left
horizontal-axis stands for Hg-concentration, while the
right one is for Sn- or Pt- concentration. CeIrIn5 ex-
hibits a resistive superconducting transition at Tsc = 1.2
K, but a bulk transition at Tsc = 0.4 K in the specific
heat. Upon partially substituting Hg with In (hole dop-
ing), the resistive SC is observed in a narrow doping-
range of 0.0 ≤ xHg ≤ 0.054 at temperatures above
T = 0.38 K, and AFM order eventually develops for
xHg ≥ 0.045, with TN reaching 8 K at xHg = 0.225.
Around the critical concentration of xcHg = 0.027, both
the specific heat Ce(T )/T and the electrical resistivity
ρ(T ) demonstrate NFL behaviors over a wide tempera-
ture range, which can be described in terms of the spin
fluctuation theory with anisotropic scattering [29]. On
the other side, SC survives for the Sn/In or Pt/Ir substi-
tution (electron doping) in the region of 0.0 ≤ xSn ≤ 0.03
(0.0 ≤ xPt ≤ 0.044). When increasing the dopant con-
centrations, a FL ground state is quickly recovered, as
observed in both the electrical resistivity and the spe-
cific heat. The FL temperature TFL monotonically in-
creases with increasing the Sn or Pt concentrations. A
wide cone-like NFL region sits between the AFM and FL
states on top of the SC dome. These results resemble
those of Cd-doped CeCoIn5 and pressurized CePd2Si2
and CeRhIn5 as schematically illustrated in Fig. 1(a) for
the scenario I [4–8, 11], where SC emerges near an AFM
QCP. Our results provide solid evidence that CeIrIn5 is
located near an AFM instability rather than a valence
instability and the SC of CeIrIn5 is associated with crit-
ical spin fluctuations, being similar to many other HF
superconductors. We note that the strongest evidence
for scenario II in CeIrIn5 is due to the increase of Tsc in
the pure compound under pressure [17, 18]. However, a
similar increase of Tsc under pressure is observed in pure
CeCoIn5 where spin-fluctuation mediated SC is generally
believed [8]. However, we cannot exclude the possibility
that a degenerate valence instability may take place near
the AFM QCP as theoretically argued for CeRhIn5 [30].
In summary, we have obtained a combined
temperature-doping phase diagram for CeIrIn5−xHgx,
CeIrIn5−xSnx and CeIr1−xPtxIn5 based on a systematic
study of their transport and thermodynamic properties.
Upon substituting In with Hg in CeIrIn5, AFM order
develops at low temperatures. The system shows
pronounced NFL behaviors over a wide temperature
region near the critical concentration xcHg = 0.027,
where a superconducting dome is observed. Our results
demonstrate that CeIrIn5 lies in the vicinity of an AFM
5QCP and its SC is likely mediated by spin fluctuations
rather than valence fluctuations. This is in line with
the recent theoretical predictions [31], and suggests a
unified picture of SC in the CeTIn5 family as well as
many other HF superconductors.
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